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PUBLICATION-DATE: August 21, 2003 



Aug 21, 2003 
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PGPUB -DOCUMENT -NUMBER: 2002 0177551 
PGPUB- FILING-TYPE: new 
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I NVENTOR - I NFORMAT I ON : 
NAME 
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DOCUMENT- IDENTIFIER: US 5223409 A 

TITLE: Directed evolution of novel binding proteins 
DATE- ISSUED: June 29, 1993 



Jun 29, 1993 



INVENTOR- INFORMATION : 
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Solubility of proteins isolated from inclusion bodies is enhanced by fusion t( 
maltose-binding protein or thioredoxin. 
Protein Expr Purif. 1998 Feb; 12(1): 122-32. 
PMID: 9473466 [PubMed - indexed for MEDLINE] 



r 2: Sachdev D, Chirgwin JM. 



Related Articles, Link 



Order of fusions between bacterial and mammalian proteins can determine 
solubility in Escherichia coli. 

Biochem Biophys Res Commun. 1998 Mar 27;244(3):933-7. 
PMID: 9535771 [PubMed - indexed for MEDLINE] 



r 3: Sachdev D, Chirgwin JM. 



Related Articles, Link 



Properties of soluble fusions between mammalian aspartic proteinases and 
bacterial maltose-binding protein. 
J Protein Chem. 1 999 Jan; 1 8( 1 ): 1 27-36. 
PMID: 10071937 [PubMed - indexed for MEDLINE] 

r 4: Kapust RB, Waugh DS. Related Articles, Link 

[gi Escherichia coli maltose-binding protein is uncommonly effective at 
1 — I promoting the solubility of polypeptides to which it is fused. 

Protein Sci. 1999 Aug;8(8): 1668-74. 

PMID: 1045261 1 [PubMed - indexed for MEDLINE] 



f~ 5: Sachdev D, Chirgwin JM. 



Related Articles, Link 
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Fusions to maltose-binding protein: control of folding and solubility in 
protein purification. 

Methods Enzymol. 2000;326:312-21. No abstract available. 
PMID: 1 1036650 [PubMed - indexed for MEDLINE] 
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F~ 6: Conner GE, Udey J A. 

B Expression and refolding of recombinant human fibroblast procathepsin D. 
DNA Cell Biol. 1 990 Jan-Eeb;9( 1 ): 1 -9. 
PMID: 2180427 [PubMed - indexed for MEDLINE] 

f" 7: Nomine Y, Ristriani T, Laurent C, Lefevre JK, Weiss E, Trave G. Related Articles. Link 
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Protein Expr Purif. 2001 Oct;23(l):22-32. 

PMID: 1 1570842 [PubMed - indexed for MEDLINE] 
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Biemans R. 

B Expression of a recombinant Toxoplasma gondii ROP2 fragment as a fusion 
protein in bacteria circumvents insolubility and proteolytic degradation. 
Protein Expr Purif. 1999 Dec;17(3):392-400. 
PMID: 10600457 [PubMcd - indexed for MEDLINE] 

r 9: Hering TM, Kollar J, Huynh TD, Varclas JB. Related Articles. Link 

Purification and characterization of decorin core protein expressed in 
Escherichia coli as a maltose-binding protein fusion. 
Anal Biochem. 1996 Aug 15;240(1):98-108. 
PMID: 881 1884 [PubMed - indexed for MEDLINE] 

r 10: Sun AL, Hua ZC, Yao J, Yang VI I, Yin DQ. Related Articles. Link 

Fusion expression of human pro-urokinase with E. coli thioredoxin. 
Biochem Mol Biol Int. 1998 Oct;46(3):479-86. 
PMID: 9818087 [PubMcd - indexed for MEDLINE] 

Til: Sonezaki S. Kondo A, Oba T, Ishii Y, Kato Y. Nakayama H. Related Articles. Link 

Overproduction and purification of Lon protease from Escherichia coli 
using a maltose-binding protein fusion system. 
Appl Microbiol Biotechnol. 1994 Nov;42(2-3):3 13-8. 
PMID: 7765772 [PubMed - indexed for MEDLINE] 

r 12: Tanaka T, Yada RY. Related Articles. Link 

Expression of soluble cloned porcine pepsinogen A in Escherichia coli. 
Biochem J. 1 996 Apr 1 5;3 1 5 ( Pt 2):443-6. 
PMID: 8615812 [PubMed - indexed for MEDLINE] 



f~ 13: Dolinar M. Maganja DB, Turk V. Related Articles, Link 

Expression of full-length human procathepsin L cDNA in Escherichia coli 
and refolding of the expression product. 
Biol Chem Hoppe Seyler. 1995 Jun;376(6):385-8. 
PMID: 7576233 [PubMed - indexed for MEDLINE] 

F 14: Pryor KD, Leiting B. Related Articles, Link 

High-level expression of soluble protein in Escherichia coli using a His6- 
tag and maltose-binding-protein double-affinity fusion system. 

Protein Expr Punf. 1997 Aug;10(3):309-19. 
PMID: 9268677 [PubMed - indexed for MEDLINE] 

r 15: Fox JD, Kapust RB, Waugh DS. Related Articles. Link 

Single amino acid substitutions on the surface of Escherichia coli maltose- 
binding protein can have a profound impact on the solubility of fusion 
proteins. 

Protein Sci. 2001 Mar;10(3):622-30. 

PMID: 1 1344330 [PubMed - indexed for MEDLINE] 

r 16: Zhao JH. Xu Z, Hua ZC. Related Articles. Link 

Expression of human cardiac-specific homeobox protein in Escherichia 
coli. 

Protein Expr Purif. 2000 Apr; 18(3):3 16-9. 

PMID: 10733885 [PubMed - indexed for MEDLINE] 

r" 17: Zhao (i, Meier TI, Hoskins J, Jaskunas SR. Related Articles, Link 
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B Penicillin-binding protein 2a of Streptococcus pneumoniae: expression in 
Escherichia coli and purification and refolding of inclusion bodies into a 
soluble and enzymatically active enzyme. 
Protein Expr Purif. 1 999 Jul; 1 6(2):33 1 -9. 
PMID: 10419829 [PubMed - indexed for MEDLINE] 

|~~ |g. LaVallie LR, DiBlasio FA, Kovacic S, Grant KL, Schendel PF, Related Articles, Link 
McCoy JM. 

BA thioredoxin gene fusion expression system that circumvents inclusion 
body formation in the E. coli cytoplasm. 
Biotechnology (N Y). 1993 Feb; 1 1(2): 187-93. 
PMID: 7763371 [PubMed - indexed for MEDLINE] 



r 19: di Guan C, Li I\ Riggs PD, Inouye H. 



Related Articles, Link 



ira Vectors that facilitate the expression and purification of foreign peptides in 
1 — I Escherichia coli by fusion to maltose-binding protein. 

Gene. 1988 Jul 15;67(l):21-30. 

PMID: 2843437 [PubMed - indexed for MEDLINE] 

r 20: Dickason RR, Edwards RA, Bryan J, 1 luston DP. Related Articles. Link 

Versatile E. coli thioredoxin specific monoclonal antibodies afford 
convenient analysis and purification of prokaryote expressed soluble fusior 
protein. 

J Immunol Methods. 1995 Sep 25;185(2):237-44. 
PMID: 7561 134 [PubMed - indexed for MEDLINE] 
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Related Articles, Link 



Proteolytic activation of human procathepsin D. 
Adv Exp Med Biol. 1991;306:289-96. Review. 
PMID: 1 8 1 27 1 9 [PubMed - indexed for MEDLINE] 



f~ 22: Chen GQ, Ciouaux JL. 



Related Articles, Link 



Overexpression of bacterio-opsin in Escherichia coli as a water-soluble 

fusion to maltose binding protein: efficient regeneration of the fusion 

protein and selective cleavage with trypsin. 

Protein Sci. 1996 Mar;5(3):456-67. 

PMID: 8868482 [PubMed - indexed for MEDLINE] 



F 23: Ribas AV, Ho PL. Tanizaki MM, Raw I, Nascimcnto AL. 



Related Articles, Link 



High-level expression of tetanus toxin fragment C-thioredoxin fusion 

protein in Escherichia coli. 

Biotechnol Appl Biochem. 2000 Apr;31 ( Pt 2):91-4. 

PMID: 10744952 [PubMed - indexed for MEDLINE] 



I - 24: Sachdev D, Schorey J. Chirgwin J. 

□ 



Related Articles, Link 



Efficient mutagenesis, expression and purification of procathepsin D. 
Adv Exp Med Biol. 1991;306:335-8. No abstract available. 
PMID: 1812723 [PubMed - indexed for MEDLINE] 



T25: 



T26: 



D'aiessio KL McQueney MS, Brim KA, Orsini MJ, Debouck CM. Related Articles, Link 

Expression in Escherichia coli, refolding, and purification of human 

procathepsin K, an osteoclast-specific protease. 

Protein ExprPurif. 1999 Mar; 1 5(2):2 13-20. 

PMID: 10049678 [PubMed - indexed for MEDLINE] 

Maina CV, Riggs PIX (irandea A(i 3rd, Slatko BE, Mo-ran LS, Related Articles. Link 
Tagliamonte J A, McReynolds LA, Guan CD. 

An Escherichia coli vector to express and purify foreign proteins by fusion 

to and separation from maltose-binding protein. 

Gene. 1988 Dec 30;74(2):365-73. 

PMID: 3073105 [PubMed - indexed for MEDLINE] 



r 27: Wang C, Castro AI\ Wilkes DM, Altenberg GA. 



Related Articles, Link 



Expression and purification of the first nucleotide-binding domain and 
linker region of human multidrug resistance gene product: comparison of 
fusions to glutathione S-transferase, thioredoxin and maltose-binding 
protein. 

Biochem J. 1999 Feb 15;338 ( Pt 1):77-81. 
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l~~ 28: Bacil 1 ^ Ma/or Y, Shaky S, Shoham-Lcv A, Berdiehevsky Y, Related Articles. Ltnk 

* Gutnick DL, Bcnhar I. 



Escherichia coli maltose-binding protein as a molecular chaperone for 
recombinant intracellular cytoplasmic single-chain antibodies. 
J Mol Biol. 2001 Sep 7;312(l):79-93. 
PMID: 1 1545587 [PubMed - indexed for MEDLINE] 

l~~ 29: Rigtzs P. Related Articles. Link 

B Expression and purification of recombinant proteins by fusion to maltose- 
binding protein. 

Mol Biotechnol. 2000 May; 15(1):5 1-63. 

PMID: 1091 1622 [PubMed - indexed for MEDLINE] 

P 30: Sone/aki S, Ishii Y, Okita K, Sugino T, Kondo A, Kato Y. Related Articles, Link 

Overproduction and purification of SulA fusion protein in Escherichia coli 
and its degradation by Lon protease in vitro. 
Appl Microbiol Biotechnol. 1995 May-Jun;43(2):304-9. 
PMID: 7612249 [PubMed - indexed for MEDLINE] 

l~~ 31: Corchero JL, Viaplana F, Benito A, Viliaverdc A. Related Articles, Link 

The position of the heterologous domain can influence the solubility and 
proteolysis of beta-galactosidase fusion proteins in E. coli. 
J Biotechnol. 1 996 Jul 3 1 ;48(3): 1 9 1 -200. 
PMID: 8861998 [PubMed - indexed for MEDLINE] 

l~~ 32: Dieryck W, Lullien-Pellerin V, Marion D, Joudrier P, (iautier MF. Related Articles. Link 

Purification and activity of a wheat 9-kDa lipid transfer protein expressed 
in Escherichia coli as a fusion with the maltose binding protein. 
Protein Expr Purif. 1995 Oct;6(5):597-603. 
PMID: 8535151 [PubMed - indexed for MEDLINE] 

l~ 33: Aitken R, Gilchrist J, Sinclair MC. Related Articles. Link 

Vectors to facilitate the creation of translational fusions to the maltose- 
binding protein of Escherichia coli. 
Gene. 1994Jun 24;144(l):69-73. 
PMID: 8026760 [PubMed - indexed for MEDLINE] 

r 34: Chang SY, Tsai PC, Tseng CS, Liang PH. Related Articles. Link 

Refolding and characterization of a yeast dehydrodolichyl diphosphate 
synthase overexpressed in Escherichia coli. 
Protein Expr Purif. 2001 Dec;23(3):432-9. 
PMID: 1 1722180 [PubMed - indexed for MEDLINE] 

| 35: HayhurstA. Related Articles. Link 

Improved expression characteristics of single-chain Fv fragments when 
fused downstream of the Escherichia coli maltose-binding protein or 
upstream of a single immunoglobulin-constant domain. 
Protein Expr Purif. 2000 Feb; 18(1): 1-10. 
PMID: 10648163 [PubMed - indexed for MEDLINE] 

r 36: Han BG, Ma XK, Mcng L, Song XG, Peng SY, Wang JX, Ling SG. Related Articles. Link 

Thioredoxin fusion/HIV- 1 protease coexpression system for production of 
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soluble human IL6 in E. coli cytoplasm. 
Biochem Mol Biol Int. 1998 Nov;46(4):839-46. 
PMID: 9844745 [PubMed - indexed for MEDLINE] 



P 37: /-ouhar J, Nanak E, Brzobohaty B. 



Related Articles, Link 



=| Expression, single-step purification, and matrix-assisted refolding of a 
— I maize cytokinin glucoside-specific beta-glucosidase. 

Protein Expr Purif. 1999 Oct; 17(1): 153-62. 

PMID: 10497081 [PubMed - indexed for MEDLINE] 



r 38: Alexandrov A, Dutia K, Pascal S.M. 



Related Articles, Link 



MBP fusion protein with a viral protease cleavage site: one-step 
cleavage/purification of insoluble proteins. 
Biotechniques. 2001 Jun;30(6): 1 194-8. No abstract available. 
PMID: 1 1414203 [PubMed - indexed for MEDLINE] 



r 39: Davis GD, Klisce C, Newham DM. Harrison RG. 



Related Articles, Link 



New fusion protein systems designed to give soluble expression in 
Escherichia coli. 
Biotechnol Bioeng. 1999 Nov 20;65(4):382-8. 
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FIELD CODE - 'AND' OPERATOR ASSUMED 1 PROTEIN? ) (S) ' 
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TOTAL FOR ALL FILES 

L101 1851 {PEPTIDE? OR PROTEIN?) (S) (STABIL? OR (STABIL (W) (GROUP? OR 

MOIET? ))) AND (PROLINES OR PRO-PRO?) AND (THIOREDOXIN OR GLUTATH 
IONE (W) SULFOTRANSFERASE OR MALTOSE (W) BINDING (W) PROTEIN# 
OR GLUTATHIONE (W) REDUCTASE) AND FUS? 
You have entered a truncated stem which occurs in too many terms. 
Make the stem longer and try again. For example, if your original 
term was ' degr?' to search for variations and the abbreviation for 
'degradation', you could replace it with the expression ' (degrdn OR 
degrad?) ' . If your search term was numeric, e.g., 'C>5', reduce the 
size of the range. 



=> s 1101 and proline? and (N (w) termin) and (C (w) termin) 
) IS NOT A RECOGNIZED COMMAND 

The previous command name entered was not recognized by the system 
For a list of commands available to you in the current file, enter 
"HELP COMMANDS " at an arrow prompt (=>) . 

=> s 1101 and proline? and (N (w) termin) and {C (w) termin) 
) IS NOT A RECOGNIZED COMMAND 

The previous command name entered was not recognized by the system 
For a list of commands available to you in the current file, enter 
"HELP COMMANDS " at an arrow prompt (=>) . 

=> s 1101 and proline? and N- (w) termin? and C- (w) termin? 
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SEARCH ENDED 



TOTAL FOR ALL FILES 

L190 1219 L101 AND PROLINE? AND N- (W) TERMIN? AND C- (W) TERMIN? 

You have entered a truncated stem which occurs in too many terms . 
Make the stem longer and try again. For example, if your original 
term was 'degr?' to search for variations and the abbreviation for 
' degradation ' , you could replace it with the expression ' (degrdn OR 
degrad?) ' . If your search term was numeric, e.g., 'C>5', reduce the 
size of the range. 

=> s 1190 and (PROLINE? AND fusion? (s) (N- (W) TERMIN? AND C- (W) TERMIN?) ) 
PROXIMITY OPERATION NOT ALLOWED 

Certain operators may not be nested in combination with other 
operators. A nested operator is valid only when it occurs at the same 
level or above the operator outside the nested phrase as determined by 
the following precedence list: 



1. Numeric 

2. (W) , (NOTW) , (A) , (NOTA) 

3. (S) , (NOTS) 

4. (P) , (NOTP) 

5. (L) , (NOTL) 

6. AND, NOT 

7. OR 



For example, ' (MONOCLONAL (W) ANTIBOD? )( L) ANTIGEN? ' is valid since <W) 
is above (L) on the precedence list. However, 

■ ( (THIN (W) LAYER) (L) PHOSPHOLIPIDS (A) LACTONE# ' is not valid since (L) 
is below (A) on the precedence list. The only exception is the 'OR' 
operator. This operator may be used in combination with any other 
operator. For example, ' (ATOMIC OR NUCLEAR) (W)REACTOR' is valid. 

=> s 1190 and (PROLINE? AND fusion? (s) N- (W) TERMIN? (s) C- (W) TERMIN?) 
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PROXIMITY OPERATOR LEVEL NOT CONSISTENT WITH 

FIELD CODE - 'AND' OPERATOR ASSUMED 1 FUSION? (S) N- 

PROXIMITY OPERATOR LEVEL NOT CONSISTENT WITH 

FIELD CODE - 'AND' OPERATOR ASSUMED ' TERMIN? (S) C- 
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- SEARCH ENDED 



TOTAL FOR ALL FILES 

L279 640 L190 AND (PROLINE? AND FUSION? (S) N- (W) TERMIN? (S) C- (W) 

TERMIN?) 

You have entered a truncated stem which occurs in too many terms. 
Make the stem longer and try again. For example, if your original 
term was 'degr? 1 to search for variations and the abbreviation for 
'degradation' , you could replace it with the expression ' (degrdn OR 
degrad?) • . If your search term was numeric, e.g., 'C>5', reduce the 
size of the range. 

=> dup rem 1279 

DUPLICATE IS NOT AVAILABLE IN ' ADISINSIGHT , ADISNEWS, BIOCOMMERCE, DGENE , 
DRUGLAUNCH, DRUGM0N0G2 , DRUGUPDATES, FEDRIP, FOREGE , GENBANK, KOSMET, 
MEDICONF, NUTRACEUT, PCTGEN , PHAR, PHARMAML, RDISCLOSURE, SYNTHLINE, AQUIRE, 
CAOLD, INVESTEXT, STANDARDS, USAN' . 

ANSWERS FROM THESE FILES WILL BE CONSIDERED UNIQUE 
PROCESSING COMPLETED FOR L2 79 

L2 80 618 DUP REM L279 (22 DUPLICATES REMOVED) 



=> s 1280 and pro-pro 



L2 81 


0 


S L280 


L282 


0 


FILE ADISCTI 


L2 83 


0 


S L280 


L284 


0 


FILE ADISINSIGHT 


L2 85 


0 


S L2 80 


L2 86 


0 


FILE ADISNEWS 


L287 


0 


S L2 8 0 


L288 


0 


FILE AGRICOLA 


L2 89 


0 


S L2 8 0 


L2 90 


0 


FILE ANABSTR 


L291 


0 


S L280 


L2 92 


0 


FILE AQUAS CI 


L2 93 


0 


S L2 8 0 


L2 94 


0 


FILE BIOBUSINESS 


L295 


0 


S L2 80 


L296 


0 


FILE BIOCOMMEKCE 


L297 


0 


S L2 8 0 


L298 


0 


FILE BIOSIS 


L299 


0 


S L2 8 0 


L300 


0 


FILE BIOTECHDS 


L301 


0 


S L280 


L302 


0 


FILE BIOTECHNO 


L303 


0 


S L2 80 


L304 


0 


FILE CABA 


L3 05 


0 


S L280 


L306 


0 


FILE CANCERLIT 


L307 


0 


S L280 


L308 


0 


FILE CAPLUS 


L309 


0 


S L280 


L310 


0 


FILE CEABA-VTB 


L311 


0 


S L2 80 


L312 


0 


FILE CEN 


L313 


0 


S L280 


L314 


0 


FILE CIN 


L315 


0 


S L280 


L316 


0 


FILE CONFSCI 


L317 


0 


S L280 


L3 18 


0 


FILE CROPB 


L319 


0 


S L280 


L320 


0 


FILE CROPU 


L321 


0 


S L280 


L322 


0 


FILE DGENE 


L323 


0 


S L280 


L324 


0 


FILE DRUGB 


L325 


0 


S L2 80 


L326 


0 


FILE DRUG LAUNCH 


L327 


0 


S L2 8 0 


L328 


0 


FILE DRUGM0N0G2 


L32 9 


0 


S L2 8 0 


L330 


0 


FILE DRUGNL 


L331 


0 


S L28 0 


L332 


0 


FILE DRUGU 


L333 


0 


S L280 


L334 


0 


FILE DRUGUPDATES 


L335 


0 


S L280 


L336 


0 


FILE EMBAL 


L337 


0 


S L280 


L338 


0 


FILE EMBASE 


L339 


0 


S L280 


L340 


0 


FILE ESBIOBASE 


L341 


0 


S L280 


L342 


0 


FILE FEDRIP 


L343 


0 


S L280 


L344 


0 


FILE FOMAD 



T.74 ^ 






o 


J_i o *± / 


o 


T.74 8 

J_| J *± o 


o 


L34 9 


o 


L3 50 


o 


jj j j -j- 


3 


Jjj Jt< 


o 


Jjj j J 


0 


T A R4 


n 

u 


T OCC 
JjJ J J 


n 


T TCC 
JjJ JD 


n 

u 


T 


n 
u 


JJJ JO 




Jj J -> -7 




L3 60 




L3 61 


o 


L362 


o 


L3 63 


o 


L364 


o 


JJJU J 




UjDD 




L367 


o 


L3 68 


o 




o 


L3 70 


o 


L371 


o 


L372 


o 


L373 


o 


L3 74 


o 


L3 75 


o 


L376 


o 


L3 77 


o 


J-JJ / o 




T.*} 79 

J-JJ / _7 




L3 8 0 


o 


L3 8 1 


o 


L3 82 


o 


T.lft ^ 

DjO J 






o 


i-j 3 O 


0 


uoou 


o 


L387 


o 


T.7 R R 

JJJOO 


n 




n 

u 


J-i-3 y U 


n 

V 


T.'IQI 
JJJ 


u 


TOGO 


n 
u 


i-i J y j 


n 
u 










i-» J 27 D 


u 


T,'} 97 


DID 




T Q 7 
-3 0/ 


L399 


o 

\j 


L4 00 


n 


L4 01 


o 


L402 


n 

w 


T.4 fi 
J_i*i U J 


u 


L404 


0 


L405 


0 


L406 


0 


L407 


0 


L408 


0 


L409 


0 



S L280 
FILE FOREGE 
S L280 
FILE FROST I 
S L2 8 0 
FILE FSTA 
S L280 

FILE GENBANK 
S L280 

FILE HEALSAFE 
S L2 8 0 
FILE IFIPAT 
S L280 

FILE JICST-EPLUS 

S L280 

FILE KOSMET 

S L280 

FILE LIFESCI 
S L280 

FILE MEDICONF 
S L280 

FILE MEDLINE 
S L280 

FILE NIOSHTIC 
S L280 
FILE NTIS 
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FILE NUTRACEUT 

S L280 

FILE OCEAN 

S L2 8 0 

FILE PASCAL 

S L2 8 0 

FILE PCTGEN 

S L280 

FILE PHAR 
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FILE PHARMAML 
S L280 
FILE PHIC 
S L280 
FILE PHIN 
S L280 
FILE PROMT 
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FILE RDISCLOSURE 
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FILE SCISEARCH 
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FILE SYNTHLINE 
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FILE TOXCENTER 
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FILE US PAT FULL 
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FILE US PAT 2 
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FILE VETB 

S L280 
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AB The invention relates to the use of scaffold proteins, 

particularly green fluorescent protein (GFP) , in 
fusion constructs with random and defined peptides and 
peptide libraries, to increase the cellular expression levels, 
decrease the cellular catabolism, increase the conformational 
stability relative to linear peptides, and to increase 
the steady state concentrations of the library peptides and 
peptide library members expressed in cells for the purpose of 
detecting the presence of the peptides and screening 
peptide libraries. N- terminal , C- 
terminal, dual N- and C- terminal and one or 
more internal fusions are all contemplated. Novel 
fusions utilizing self-binding peptides to create a 
conformational ly stabilized fusion domain are also 
contemplated. 
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